 DLLME has been optimized using full factorial experimental design.
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Introduction
The lipophilic fraction of fruits and juices is considered to be influenced by cultivar, ripening, and edaphoclimatic [1] [2] [3] . This fraction is composed by several classes of compounds, such as fatty acids, fatty alcohols, sterols and triterpenes. Fatty acids are primary metabolites, and in fruit samples they are present in saturated and/or unsaturated forms. Fatty alcohols are mainly long-chain primary alcohols, usually with an even number of carbon atoms. In most vegetable samples, they are present at minor concentrations [1, 4] . Phytosterols and triterpenes are secondary metabolites.
The former are tretracyclic compounds similar to cholesterol. They occur in plants and vary only in carbon side chains and/or presence or absence of double bonds. These compounds have serum cholesterol-lowering effects [5, 6] and immune modulatory activity [7] . Given these properties, they have been widely studied in vegetables and fruits [8] . Triterpenes consist of a pentacyclic structure of six-isoprene units. Although their biological function and possible benefits for humans are still being addressed, anti-hypertensive, anti-atherosclerotic and anti-oxidant effects have already been reported [9] .
Dispersive liquid-liquid microextraction (DLLME) was introduced 10 years ago by Assadi and coworkers [10] . In this method, which is based on ternary component solvent system, the appropriate mixture of extraction solvent and disperser solvent is injected into the aqueous sample, thereby producing a cloudy solution. After centrifugation, the organic layer is collected for analysis. This technique achieves high enrichment factors. In addition, speed and low consumption of organic solvents are two of the main advantages of this approach, which can be included in the group of clean chemistry procedures. Furthermore, the use of organic solvents in this technique makes it compatible with direct injection to a gas chromatograph. In contrast, the HPLC analysis of these compounds requires the evaporation of the organic solvent and reconstitution with an HPLC-compatible solvent.
Gas chromatography (GC) is generally the technique of choice when analyzing
lipophilic compounds, such as fatty acids, fatty alcohols, phytosterols and triterpenes.
In this case, the chromatograph is usually coupled to a flame ionization detector (FID) or to a mass spectrometry (MS) detector, the latter additionally providing spectra useful for identification purposes. However, as these compounds contain polar groups and in order to improve their performance in GC, derivatization is performed before subjecting samples to analysis. In this regard, fatty acids, which contain a carboxylic acid group, have been traditionally converted into their alkyl derivatives [11, 12] , although conversion into silyl esters has also been widely used [13] . With respect to the other classes of compounds, fatty alcohols are generally silylated [1] . For sterols, acetylation [14] and silylation [15, 16] procedures have been described, while triterpenes are usually derivatized by silylation [17, 18] .
Most of the derivatization protocols include off-line steps prior to the analysis. Off-line silylation procedures generally have the disadvantage of experimental errors, such as loss of analyte through evaporation and re-suspension steps, contamination of samples during work-up, and interference of moisture in the reaction system, since silylating reagents and the resulting derivatives are extremely sensitive to the presence of water.
On-line derivatization techniques have emerged in recent years [19] [20] [21] . These approaches allow a reduction of time-consuming sample processing steps, a decrease in the amount of reagents required, and an increase in the efficiency of the analysis.
Inlet-based or in-port derivatization is one of these alternative approaches. This on-line process involves introducing the sample and derivatization reagent directly into the hot GC inlet, where the derivatization reaction takes place in the gas-phase [22] . The sample and the derivatization reagent can be injected separately. This can be achieved by first injecting the sample or the derivatization reagent manually [23] , thus calling for the presence of an analyst. Alternatively, injection of the sample and reagent can be attained simultaneously by using a software-controlled sandwich injection. In this case, the syringe is filled with both the sample and the derivatization reagent, allowing an air gap between them. The latter approach is expected to give better results in terms of repeatability and automation of the analytical sequence.
Here we sought to develop a new method for the analysis of the free lipophilic fraction of several fruit juices. The method consist on coupling a microextraction technique with an injection-port derivatization, which represents an innovative approach to analyze lipophilic compounds in liquid samples As we were dealing with liquid samples, a DLLME method was optimized by full factorial experimental design. Furthermore, derivatization was optimized in terms of derivatization reagent, injection-port temperature, purge-off time, and sample:derivatization reagent volume ratio.
Material and methods

Reagents, solvents, standard solutions and samples
trifluoroacetamide (BSTFA) and chlorotrimethylsilane (CTMS) were purchased from Sigma-Aldrich (Buchs, Switzerland), chloroform (CHCl3) and pyridine from J.T. Baker (Deventer, The Netherlands), and chlorobenzene, methanol, and acetone from SigmaAldrich. Standards of sugars and organic acids to prepare the synthetic juice, namely glucose, fructose, sucrose, sorbitol and malic acid were purchased from Sigma-Aldrich [24] .
Stock standard solutions of fatty acids (palmitic acid, linoleic acid, oleic acid and stearic acid), fatty alcohols (docosanol, tetracosanol, hexacosanol and octacosanol), sterols (campesterol, stigmasterol and β-sitosterol), and triterpenes (α-amyrin, oleanolic acid and ursolic acid) were prepared from the corresponding analytical standards (SigmaAldrich). Working solutions of 100 µg/mL and 10 µg/mL were prepared with acetone from consecutive dilutions of the stock solutions. All standard solutions were stored at -20 ºC and warmed to room temperature before use.
Berry, cloudy apple, apple concentrate, mango, pear, peach, orange, a mixture of carrot and orange, and pineapple juice were purchased from a local supermarket.
Instrumentation
The For control purposes and data analysis, Agilent Mass Hunter B.06.00 software was used.
Analytical procedure
Initially, juice samples were centrifuged for 5 min at 5000 rpm to eliminate solid particles and diluted 1:10 with distilled water.Subsequently, a 5.0-mL aliquot of diluted juice was transferred to a 15-mL screw cap glass tube with a conical bottom. Then, 1 mL of acetone (dispersive solvent) containing 100 μL of chloroform (extractant solvent) was rapidly injected into the aqueous solution using a micropipette, and the mixture was vigorously hand-shaken for several seconds. A cloudy solution consisting of very fine droplets of chloroform dispersed through the sample solution was formed, and the analytes were extracted into the fine droplets. After centrifugation for 5 min at 3000 rpm, the extraction solvent was deposited at the bottom of the conical tube. The deposited phase was collected and transferred to a crimp-cap vial containing a glass insert for injection into the gas chromatograph. The temperatures of the transfer line, ion source, and quadrupole were 300 ºC, 250 ºC and 150 ºC, respectively. The mass spectra detector operated in SIM mode, monitoring two or three ions per compound (Table 1) , one for quantification and the others for confirmation purposes. Segmentation of the SIM method was performed to allow a higher scan time for each ion. The solvent delay was 4 min. Blank samples were analyzed during the sample sequence to check the absence of carry-over effects.
Statistical analysis
Full factorial experimental designs and mean chart plots were carried out with JMP 
Results and discussion
Optimization of injection-port derivatization
The first step involved the study of the injection mode: splitless, split, and pulsed pressure split/splitless modes were tested. Considering these preliminary results (results not shown), the splitless injection mode was selected for further optimization of the method. Moreover, for all compounds under analysis, the injection-port silylation conditions were optimized in terms of derivatization reagent, temperature, time (purgeoff), and sample:derivatization reagent volume ratio. These are the parameters typically optimized in such a derivatization procedure [19, 23] . For this purpose, a standard mixture containing all the compounds at a concentration between 1.95 and 6.24 μg/mL was used. The standard compounds were quantified using an external calibration curve containing the off-line derivatized analytes. Initially, several derivatization reagent combinations were tested: MSTFA, MSTFA: pyridine (1:1, v/v), BSTFA, BSTFA:
pyridine (1:1, v/v), and BSTFA (1% CTMS). Figure 1 shows that the derivatization reagent had a low influence for fatty acids. However, a higher influence was observed for the other compounds under analysis, MSTA, MSTFA:pyridine and BSTFA:pyridine being those that showed the best performance. Of these, the silylating reagents that contained pyridine gave the best results, thereby confirming that pyridine catalyzes the reaction, as already described [25] . MSTFA:pyridine was finally selected from the two reagents containing pyridine. This derivatization reagent shows a superior performance in the case of ursolic acid, which is the compound that showed the lowest response under all the conditions tested. Next, temperature of the injection-port was varied from 200 ºC to 300 ºC in 20 ºC intervals to find the most appropriate conditions. Figure 2 shows that 200 ºC was too low in all cases. With respect to fatty acids and fatty alcohols, both classes presented a similar performance in a range from 220 ºC to 300 ºC. On the other hand, for sterols and triterpenes, the best results were achieved at 260 ºC and 280 ºC. For these reasons, an injection-port temperature of 280 ºC was selected. The next step consisted of assaying several purge-off times (0.1, 0.25, 0.5, 1 and 2 min) in splitless mode. Figure 3 shows that the best performance was obtained using 1-and 2-min purge-off times in all cases. Therefore, a 1-min purge-off time was finally selected to perform further sample analysis to reduce the risk of dirtiness accumulation in the injection liner when using high purge-off times. Finally, several volume ratios between sample and derivatization reagent (1:1, 1:2 and 1:3) were tested. These ratios were selected paying attention not to exceed injection liner capacity. Figure 4 shows no influence of the sample:reagent ratio on the final results.
Consequently, a 1:1 sample:derivatization reagent ratio (v:v) consisting of 1 μl of both sample and derivatization reagent was selected.
3.2. Dispersive liquid-liquid micro-extraction (DLLME) optimization DLLME conditions were optimized by means of a full factorial experimental design using a synthetic juice spiked with all the compounds of interest at 20 ng/mL. The extracts were analyzed under the optimized in-port derivatization conditions described in section 3.1. The following three factors were studied: 1) Extraction solvent, which must meet the following four requirements: higher density than water; good chromatographic behavior; high extraction capacity for the compounds of interest, and low water solubility [26, 27] . Chloroform and chlorobenzene were the two solvents assayed; 2) Extraction solvent volume, which was assayed at 50, 100 and 200 μl; and 3) Dispersive solvent. These must be highly miscible with the aqueous sample and the extraction solvent. Moreover, they should decrease the interfacial tension of the extractant in order to make the droplet size small, thereby increasing the extraction efficiency [26] . Methanol and acetone were the two candidates that accomplished the required properties. For each experiment, the concentrations of the analytes were calculated using an external calibration curve. Enrichment factors (EFs), i.e. the ratio of the analyte concentration in the deposited phase to the initial concentration in the aqueous phase, were also calculated. To facilitate the interpretation of the results of the experimental design, an analysis of variance (ANOVA) was used to describe the effect of the studied factors on the EFs achieved. Table 2 shows the results of the pvalues used to determine the statistical significance of each factor and their interactions during DLLME optimization. Extraction solvent volume was significant at 95%
confidence level (p value <0.05) for all compounds; this is a logical effect as the lower the volume of the organic phase, the higher the concentration of the analytes.
However, it is sometimes difficult to collect very low volumes and achieve an acceptable repeatability for all samples. Consequently, the selection of higher extraction volumes is recommended. Extraction solvent was another factor that was statistically significant. CHCl3 gave higher EFs for several analytes of various classes, such as palmitic acid, stearic acid, campesterol, α-amyrin, oleanolic acid, and ursolic acid. Finally, the interaction between solvent and disperser was significant for oleanolic and ursolic acids. The other factor (disperser) and the other possible interactions were not significant. As can be seen in Figure 5 , mean charts for the extraction solvent
shows that higher EFs were attained for all compounds when using chloroform ( Figure   5a , b, c, d, e, f), and the interaction of extraction solvent and disperser that showed the best combination was that formed by chloroform and methanol (Figure 5g, h ).
Recovery assays
The analytical procedures described in sections 3.1 and 3.2. were tested in commercial juice samples in order to check the performance of the method in these matrices.
Before proceeding, samples were centrifuged and diluted 1:10 with distilled water to eliminate solid particles and minimize possible matrix effects, as the effectiveness of a DLLME procedure is highly related to aqueous-like matrices.
Recovery assays were conducted in two samples (berry and peach juice) and analyzed using DLLME and injection-port derivatization. To perform recovery experiments, samples were spiked at 40 ng/mL with all the analytes. Recoveries were calculated with the following equation, where Creal refers to the concentration of a given compound naturally present in the sample (1):
We observed that an interphase was formed using methanol as disperser. This effect led to a reduction of the organic phase volume, thus precluding good and repeatable recovery values. On the other hand, when acetone was used as disperser, recoveries
were considered acceptable for all compounds (Table 3) , although we reported lower values for fatty alcohols (57-78% depending on the compound). Recoveries were close to 100% for fatty acids and ranged from 61 to 85% for sterols and triterpenes in berry juice. On the other hand, for peach juice, the recoveries for most sterols and triterpenes showed values close to 100%. For the abovementioned reasons, acetone was chosen as disperser using 100 μL of CHCl3 as the best conditions to perform the lipophilic fraction analysis of the juice samples.
Method performance
The performance parameters of the GC-MS method for the optimized conditions were assessed in terms of limits of detection (LODs), limits of quantification (LOQs),
), linear range (by plotting peak area against concentration), and repeatability according to ICH Harmonised Tripartite Guideline [28] , as summarized in Table 4 . A synthetic juice was used for this purpose. LODs and LOQs were calculated as the concentration giving a signal to noise ratio of three (S/N=3) and ten (S/N=10), respectively. In this regard, the LODs obtained were low, ranging from 1.1 to 5.7 ng/mL while the LOQs ranged from 3.4 to 18.7 ng/mL.
Considering linearity, calibration standards were prepared by spiking the synthetic juice. In all cases, good linearity was achieved for all compounds, with r 2 values of between 0.990 and 0.999. However, broader linear ranges, from 10 to 1050 ng/mL and from 10 to 1500 ng/mL, were achieved for unsaturated fatty acids (linoleic and oleic acid) and β-sitosterol and oleanolic acid, respectively. In contrast, saturated fatty acids (palmitic and stearic acid) and fatty alcohols presented a narrower linear range compared to the other compounds. Moreover, repeatability (expressed as %of relative standard deviation (%RSD), n=5) achieved values below 11.51%. Finally, no carry over effects were observed when analyzing a blank sample of synthetic juice at the end of a sample sequence.
The proposed method was compared with others reported in the literature, which employ GC-MS for the analysis of lipophilic compounds in vegetable matrices ( Table   5) . As mentioned before, there are no methods including the analysis of fatty acids, fatty alcohols, phytosterols and triterpenes in a single step. Moreover, microextraction techniques are very rarely used for this sort of chemicals, only the analysis of phytosterols in juices by SPME is reported [29] and the coupling with injection-port has not been reported for these samples. In addition, the proposed method is comparable with or even better than the reported techniques in terms of performance parameters.
Although it is difficult to compare between methods, because none of the reported methods include such a broad spectrum of lipophilic compounds families, it can be stated that LODs are better than the ones obtained by liquid extraction [25, 30, 31] and DI-SPME with on-fibre derivatization [29] and slightly higher than the ones obtained by SPE for fatty acids [32] . In addition, the method proposed has the advantage of reducing in a great extent the use of solvents and derivatization reagent together with an important saving of sample preparation time due to the automation achieved with injection-port derivatization.
Application to the analysis of commercial samples
Finally, the method described herein was applied to the analysis of ten samples of commercial fruit juice, including berry, apple, mango, pear, peach, orange, apple and carrot, pineapple, and apple concentrate, with the aim to assess their lipophilic composition. Samples were analyzed in triplicate. Figure 6 shows a chromatogram corresponding to a sample of apple juice attained with the proposed methodology. Table 6 shows the concentration of the compounds under study. Palmitic acid was found in a homogenous range of 436-976.8 ng/mL in all samples, except apple concentrate, which presented the lowest concentrations of all compounds. This observation is explained by the fact that this concentrate contained a very low percentage of fruit when compared with a 100% fruit juice. The behavior of linoleic acid content differed in a wide range, varying from 620.5 ng/mL in mango to 4300.0 ng/mL in orange juice. Oleic acid was found at a range from 221.0 ng/mL in peach to 890.3 ng/mL in apple and carrot juice, while stearic acid-the fatty acid that was generally found at a lower concentration in our study-ranged from 70.0 ng/mL in pineapple to 369.1 ng/mL in apple juice. The results for fatty acids are consistent with those previously reported in apple, where linoleic acid was the most abundant followed by oleic and palmitic acid and a lower content of stearic acid [33] , and in pear, where palmitic acid content was higher than oleic acid [34] . Fatty alcohols presented concentrations below the LOQ in orange, pineapple, apple and carrot juice, and apple concentrate juice. However, the other samples presented measurable amounts of the four fatty alcohols under analysis. In this regard, docosanol ranged from 8.9 ng/mL in mango to 215.9 ng/mL in pear juice. On the other hand, for the other alcohols, i.e.
tetracosanol, hexacosanol and octacosanol, the highest concentrations were found in apple juice, while berry and mango juice presented the lowest concentrations in all cases. The observation that apple juice had the highest content of hexacosanol and octacosanol is consistent with previous reports [35] . In addition, hexacosanol and octacosanol have been reported as the main fatty alcohols in several species of berries [36] . Regarding phytosterols, campesterol ranged from 30.5 ng/mL in apple concentrate to 1,423.3 ng/mL in orange juices, stigmasterol presented the highest concentration in peach juice (1,801.6 ng/mL), and β-sitosterol ranged from 305.2 ng/mL in berry juice to 4,298.7 ng/mL in apple juice. The results for sterols are similar to those previously reported Where β-sitosterol is reported to be the main phytosterol in orange [8, 29] , pineapple, berries [8] , mango, and apple juice [37] , followed in all cases by campesterol [38] . Finally, triterpenes were found in only some of the samples, namely apple, pear, and peachIn this regard, α-amyrin was only detected in measurable amounts in apple juice while the contents of oleanloic and ursolic acid ranged from 190.2 to 267.2 ng/mL and from 261.5 to 848.9 ng/mL, respectively. These results are in agreement with previous research reporting the presence of oleanolic and ursolic acids in apple skin [39] and pear fruit [40] .
Conclusions
The analysis of free lipophilic compounds in liquid matrices can be effectively achieved using DLLME with CHCl3 and acetone as extraction and dispersion solvents, respectively. DLLME allows a reduction in solvent volume. In addition, injection-port derivatization is a useful on-line technique to analyze compounds containing hydroxyl groups that could compromise their volatility and hence suitability for direct analysis by GC. Indeed, when using MSTFA:pyridine (1:1, v/v) as silylation reagent at optimized injection-port conditions, the method showed satisfactory analytical performance in terms of LODs, linearity (r 2 >0.990) and repeatability (RSD <11.51%). Moreover, with this analytical procedure, micro-volumes of reagents are used both in the extraction and derivatization stages, thus greatly reducing the amounts of reagents required. b Underlined values were used for quantification. 
